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Seven widely available brands of powder free nitrile gloves, commonly used in forensic laboratories during the handling of exhibits were examined.  Samples were collected from the outer surfaces of the gloves and the particle types present were characterised using automated mineral analysis.  Particles less than 10 µm in diameter are abundant on the surface of all of the gloves examined.  Although the particles are dominated by common compounds / minerals (e.g. calcite, gypsum, NaCl, Fe oxides/carbonates, Al oxides, quartz, plagioclase, kaolinite) each glove brand analysed has a distinct population of particles present which allows the samples to be differentiated from each other.  These particle types may be transferred from the gloves to exhibits during handling.  In addition, these distinct populations of particles may be transferred to anyone wearing powder free nitrile gloves.














Seven different brands of widely marketed and available "powder-free" nitrile gloves were purchased through credible laboratory suppliers.  On receipt, each box of gloves was sealed.  Descriptions of the gloves used in this study are provided in Table 1, although the manufacturer details are omitted.  Sample preparation was carried out in a clean laboratory facility with a positive airflow system, all surfaces were cleaned prior to, and between the sampling of the different brands of gloves.  During the examination of the seven different brands of gloves, the work surface was covered with examination paper and then each box of gloves was opened in turn.  The upper-most gloves in the box (which were in contact with the cardboard packaging) were removed from the box using sterile single use tweezers and discarded.  Using sterile single use tweezers a glove was then removed from the box and gently laid down on the examination paper.  The protective coating on a 25 mm diameter double sided carbon tag mounted on a 30 mm resin disk, was then removed and the exposed surface of the tag was gently dabbed across the upper external surface of the glove (which had not contacted any other surface after being removed from the box), whilst ensuring that the carbon tag did not touch any other surfaces (Fig. 1A).  As soon as the area of the glove was sampled, the carbon tag mounted on the resin block was placed in a single-use tamper evident air-tight sample vial and stored up-right until required for analysis.  For each brand of gloves, five separate gloves from different levels within the box, were sampled using the protocol outlined above.  Throughout the sampling of each brand of gloves an uncovered carbon tag mounted on a 30 mm resin block was left exposed to the ambient air immediately adjacent to the examination area.  On completion of sampling one brand of gloves the control sample was also sealed within an air-tight container prior to analysis.
	In addition to the five carbon tags and the uncovered carbon tag control sample, two further samples were collected from each brand of glove.  Two more gloves were removed from each brand and an area of the glove measuring approximately 1 cm by 1 cm was cut from the glove and placed onto a 25 mm carbon tag, mounted on a 30 mm resin block.  These additional samples were then also sealed within single use tamper evident sample vials and stored up-right until required for analysis.

2.2  Particle analysis

	Particles recovered from the surface of the gloves using the carbon tags were analysed using automated scanning electron microscopy with linked energy dispersive analysis [4].  Prior to analysis the samples were carbon coated and then loaded within the scanning electron microscope chamber.  The samples were analysed using a QEMSCAN automated mineral analysis system.  Details of the QEMSCAN particle analysis methodology are presented in numerous papers [4-6].  Instrumental reproducibility during particle analysis is discussed by Pirrie et al. [7].  In summary the instrument is an automated mineral analysis system where particles are located on the carbon tag mounting medium based on the backscatter electron threshold.  Once a particle is located energy dispersive spectra are acquired across the particle at an operator defined beam stepping interval.  Each spectrum is compared with a database and assigned to either a mineral or a chemical compositional group.  In this way particles are systematically mapped on the basis of their chemistry.




3.1  Control samples

If we are to demonstrate that any particles present on the analysed adhesive carbon tags were derived from the surfaces of the gloves we need to consider if there are any potential routes whereby contamination of the carbon tags by sub 10 µm particles could occur.  There are several possible sources of cross contamination.  (A) Particles present in the laboratory atmosphere could potentially be deposited onto the carbon tag whilst it was exposed during sampling.  (B) Prior to automated SEM analysis the exposed surfaces of the carbon tags need to be carbon coated. It is possible that particles are present within the vacuum chamber used to carbon coat the samples prior to SEM analysis and that these particles may become deposited onto the exposed carbon tags.  (C) In addition, there is the potential for sub 10 µm particles to be present on the adhesive tag itself as cross contamination formed during its manufacturing process.  To try to minimise these potential sources of contamination, exposure of the tags to the atmosphere was minimised, but so that the effects of cross contamination from particle sources, other than the surface of the gloves could be assessed, control samples exposed within the laboratory environment during the preparation of the five duplicate samples per brand of gloves were collected.  The results for the automated analysis of the seven control samples are provided in Table 3.  The data show that in 6 of the samples there were between 73 and 335 particles present (average 210 particles).  One sample (C6) had 1101 particles present.  The types of particles present on the different control samples are reasonably consistent between the samples analysed (Fig. 3).  Interestingly the most abundance contaminant phases are dominated by metallic particles including Fe-Ox(Mn)/CO3, CuOx/CO3, Al oxides, Sn phases, Cu oxides and strangely the rare earth mineral xenotime along with commonly occurring rock forming minerals such as quartz, plagioclase feldspar, muscovite, kaolinite and chlorite (Table 3, Figure 3).  Sample preparation and carbon coating was carried out within a laboratory where geological ores and mineral processing concentrates are prepared for analysis and the data in part suggest that some of these particle types may represent cross-contamination from these sources.  The source of some of the metallic particles is however, less clear.

3.2  Glove samples

The mineralogical data for the seven brands of gloves analysed are presented in Table 4 and in Figure 4.  Typically between 3000 and 4000 particles were measured on each sample.  Note however, that where ~4000 particles have been measured, it is likely that this is a subset of the total number of particles present as the instrumental analysis was set up to stop measuring once ~4000 particles had been analysed.  In all of the 7 brands of gloves analysed, distinctive suites of particles are present, which differ from the particle types identified in the control samples in terms of the relative abundance of the particle types present.  The consistent nature of the particles identified on each brand of gloves (within the same box) is indicative that these particles accumulate during the manufacturing and packaging of the gloves. Narrow size ranges for a given composition further indicate that the particles result from sources with high quality control and that the particles may be intentionally added.

3.2.1 Glove brand A

Between 3135 and 3502 particles were identified in the five replicate samples analysed from glove brand A (Table 4).  The relative abundance of the particle types present in the five replicate samples are very consistent (Figure 4) with all of the samples dominated by calcite particles (71.5-81.5%) along with NaCl particles (1.2-10.9%), gypsum, Fe-Ox(Mn)/CO3, Al oxides, Mg silicates, quartz and plagioclase (Table 4).  If the particle types present on these replicate samples for brand "A" are compared with the data for control sample A6, there is a clear difference in terms of the particle types present.  During the automated analysis, the horizontal intercept length of each particle assigned to a particular mineral name or chemical grouping is summed and reported as a mean grain size for each mineral type.  Note though that in this study the particles measured are restricted to those in the 0.5-10 µm size range.  The mean particle size of the calcite grains is remarkably consistent between the five replicate samples, varying between 3.03 and 3.27 µm.

3.2.2 Glove brand B

Between 4094 and 4358 particles were identified in the five replicate samples analysed from glove brand B (Table 4).  The relative abundance of the particle types present is shown in Figure 4.  The replicate analyses fall into two groups.  Three of the replicate samples are dominantly composed of particles of calcite (76.8-80.4%) and gypsum (17.5-21.2%) combined making up approximately 98% of the ~4000 particles measured.  However, in the other two samples the relative abundance of these two phases switches so that calcite comprises 26.2-27.2% of the total number of particles whilst gypsum makes up 71.8-73.2% which again combined makes up 98-99% of the total population of particles analysed.  The five sub-samples were collected at a series of different levels within a single box of gloves.  The particle size data for the calcite and gypsum in these samples is very consistent in the five replicate samples with calcite ranging between 2.73 and 2.85 µm and gypsum ranging between 2.30-2.63 µm.  The purity of the analysed powders and the very restricted particle size ranges implies that the quality controls on these products are very high.  The switch in the populations of particles present suggests that there was a change in the powder being added during the manufacture or packaging process.

3.2.3 Glove brand C

Between 3661 and 4288 particles were identified in the five replicate samples analysed from glove brand C manufactured in Thailand (Table 4).  The relative abundance of the particle types present is shown in Figure 4.  In contrast to glove brand B in which the particle population is dominated by just two particle types, glove brand C comprises a wider range of particle types.  The samples are still dominated by calcite (52.1-71%) and gypsum (7-10.4%) but particles assigned to the following compositional groups with an abundance of >1% are also present: Fe-Ox(Mn)/CO3, Al oxides, ZnAlCl phase, pyrite, quartz, plagioclase, muscovite, kaolinite and chlorite.  The ZnAlCl phase is only observed in the samples collected from gloves brand C, except for a 0.01% abundance in sample D1, which would have been collected immediately after samples C1 to C5, and may therefore, be present as a result of cross-contamination.  Particle assigned to the Fe-Ox(Mn)/CO3 and pyrite categories are also much more abundant in the samples from brand C than the other six brands analysed.

3.2.4 Glove brand D

Between 3797 and 3944 particles were identified in the five replicate samples analysed from glove brand D (Table 4).  The relative abundance of the particle types present is shown in Figure 4.  The five replicate samples from brand D are dominated by particles of calcite (71-88.8%).  Other phases typically present with an abundance of >1% are: gypsum, Fe-Ox(Mn)/CO3, Al oxides, quartz, plagioclase and kaolinite (Table 4).  The particle size data for the calcite and gypsum in these samples is very consistent in the five replicate samples with calcite ranging between 2.54 and 2.77 µm and gypsum ranging between 1.71-1.96 µm.

3.2.5 Glove brand E

Between 428 and 2189 particles were identified in the five replicate samples analysed from glove brand E (Table 4).  The relative abundance of the particle types present is shown in Figure 4.  The relative abundance of the particle types present in the five replicate samples analysed from brand E are markedly different to the particle populations present on the other glove brands analysed.  The five analysed samples fall into two groups on the basis of the particle populations.  Samples E1 to E3 inclusive are dominated by kaolinite (28.4-44.2%), NaCl (13.6-17.1%), calcite (3.7-13.3) and a phase reporting as the ZnFe sulphide mineral sphalerite (7.3-8.1%).  Other phases present with an abundance of >1.0% in these three samples are: gypsum, KCl, Fe-Ox(Mn)/CO3, rutile, xenotime, quartz, K-feldspar, plagioclase and muscovite (Table 8).  In contrast samples E4 and E5 are dominated by NaCl (18.2-33.1%), calcite (20.7-23.9%), gypsum (5.2-23.3%) and kaolinite (7.5-8.7%).  Other phases with an abundance >1% are: Fe-Ox(Mn)/CO3, Al oxides, sphalerite, quartz, K-feldspar, plagioclase and muscovite (Table 4).

3.2.6 Glove brand F

Between 4027 and 4094 particles were identified in the five replicate samples analysed from glove brand F (Table 4).  The relative abundance of the particle types present is shown in Figure 4.  All five replicate samples from brand F are dominated by particles of NaCl (69.7-85.9%) and calcite (11.3-26.8%) which together typically make up 96-98% of the total population of particles present.  The only other phase present with an abundance of >1% in some of the samples is gypsum (Table 4).  The NaCl particles range in size between 3.21 and 4.68 µm.

3.2.7 Glove brand G

Between 4013 and 4150 particles were identified in the five replicate samples analysed from glove brand G (Table 4).  The relative abundance of the particle types present is shown in Figure 4.  All five replicate samples from brand G are dominated by particles of calcite (32.2-61.2%) and NaCl (31.4-50.7%) which together typically make up 82-93% of the total population of particles present.  Other phases at an abundance of >1% are: gypsum, KCl, Fe-Ox(Mn)/CO3, quartz and Ca silicates (Table 10).

4.  Discussion
Whilst the control samples analysed from the analytical facility clearly indicate that some <10 µm particles are present in the atmosphere, and may make up a small fraction of the measured particles, the consistent assemblages of particles present on the surfaces of each brand of nitrile gloves are clearly derived directly from the gloves themselves.  This observation is also consistent with the results of a study looking at the release of aerosol particles from powder free gloves, in which an average of 0.2 mg residual powder was found on each powder free glove examined [8].  Phillips et al. (2001) also reported that the mean aerodynamic equivalent particle diameter was 7.4 µm, but the grain size distribution was bimodal with modes at about 1.3-2 µm and 8-11 µm.  In this study the maximum particle size for analysis was set at 10 µm, with the measured mean particle size for all compositional groups, across all of the brands of gloves examined, typically ranging between 1 and 3 µm.
As such it is important to be aware that when handling forensic exhibits, there is the likely transfer of particles from the gloves to the items being examined.  Given the increasing awareness of the potential forensic value of so called "very small particles" [1,2] and improved analytical capability meaning that smaller trace evidence samples can be analysed there is a greater need for familiarity with potential sources of cross contamination.
	In addition, familiarity within the criminal fraternity of the potential transfer of for example DNA, has led to the adoption of methods to reduce this risk, and in some areas of criminality the use of nitrile, or similar gloves by offenders is common-place.  Although the particle types present on the gloves analysed in this study are common-place, each brand of gloves is distinctive from one another based on the overall population of particles present. This is illustrated in Figure 5, which shows the relative abundance of calcite, gypsum and the summed value of all other phases identified plotted relative to each other.  Based on this plot glove types B, C, E, F and G can be clearly distinguished from each other.  Glove types A and D overlap with each other, but can be differentiated from each other (and the other glove types analysed) based on the abundance of Mg silicate particles.  Thus not only do power free gloves carry a significant population of sub 10 µm particles, but the relative abundance of these particle types differs between the different glove manufacturers sampled.  The wearer of such gloves is highly likely to transfer this particle population to their skin.  Careful trace evidence recovery and analysis may allow this population of particles to be detected.  However, it should be noted that in this study only a single box of gloves from each brand has been analysed, hence temporal variations in the composition of the particle populations present has not been evaluated.

5.  Conclusions
1.  "Powder-free" nitrile gloves are not free of powder.
2.  Different manufactures apply or otherwise expose gloves to different populations of particles and for some suppliers the powders are very uniform in terms of composition and particle size.
3.  Based on the samples analysed in this study, different glove types / manufacturers have distinct populations of particles present.  However, this finding is based on only a single box of each glove type and as such additional work is required to examine the variability in the particle populations with time for each individual manufacturer.
4.  Populations of sub 10 µm particles could be transferred from "powder-free" nitrile gloves during the routine examination of exhibits recovered during criminal investigations.  They could also be transferred from the gloves to the wearer during criminal activity.
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Brand	Description	Glove tape lift samples	Control samples	Manual SEM mount samples
A	Powder free nitrile gloves	A1-A5	A6	A7-A8
B	Powder free nitrile gloves	B1-B5	B6	B7-B8
C	Powder free nitrile gloves	C1-C5	C6	C7-C8
D	Powder free nitrile gloves	D1-D5	D6	D7-D8
E	Powder free nitrile gloves	E1-E5	E6	E7-E8
F	Powder free 100% nitrile	F1-F5	F6	F7-F8
G	Powder free nitrile gloves	G1-G5	G6	G7-G8











Calcite	CaCO3 including calcite and aragonite
Gypsum	CaS04
NaCl	Particles composed of NaCl
KCl	Particles composed of KCl
Na phases	Na-rich phases lacking Cl
Fe-Ox(Mn)/CO3	Fe / Mn oxides and carbonates
Al Oxides	Al oxides
Mg silicates	Mg silicates including the talc group of minerals
Rutile	Ti oxides
Ilmenite	FeTi oxides
Cu Ox/CO3	Cu oxides and carbonates
Sn phases	Sn-bearing phases
Zn Al Cl phase	Particles composed of ZnAlCl
Cu Sulphide	Cu sulphides (e.g. chalcopyrite, chalcocite)





Zircon	Particles composed of Zr silicate
Apatite	Ca phosphate phases
Quartz	Quartz and other SiO2 phases
K-feldspar	K feldspars
Plagioclase feldspar	Plagioclase feldspars
Muscovite	Muscovite mica.  
Biotite	Biotite / phlogopite mica.
Kaolinite	Kaolinite / halloysite / dickite.
Chlorite	Chlorite (FeMg silicate clay minerals).
Ca silicates	Ca silicate phases.
Other silicates	Other phases containing Si not listed above.
Others	Any other phases not listed above.


















































































































































































































































































































































































Figure 2.  Representative high vacuum secondary electron SEM images of particles present on the carbon tape lift from sample C2.  Scale bars (A) 10 µm, (B, C) 5 µm and (D) 2 µm.  










Figure 5.  Ternary diagram showing the relative abundance of calcite vs gypsum vs the summed total of all other particle types identified for the five samples of gloves analysed from nitrile gloves brands A, B, C, D, E, F and G.  The different glove manufacturers can be differentiated based on the relative abundance of the different phases present.
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